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(54) METHOD OF CONSTRUCTING AND OPERATING UNDERGROUND GAS 
STORAGE IN MULTILAYER NON-UNIFORM LOW-PERMEABILITY SLIGHTLY 
CEMENTED TERRIGENOUS RESERVOIRS WnH UNDERLYING WATER TABLE 

Use: The invention relates to the gas industry and is provided for construction and operation of 
underground gas storages. The storage construction costs are reduced. 

Essence of the Invention; The method comprises drilling injection and production vvells, 
equipping tiiem with production strings, injecting gas into and extracting it from the production 
formation. Injection and production wells are drilled with a wellbore horizontal termination and 
are arranged in clusters with a vertical well. Initially, the production formation and partially an 
underiying water table are stricken with a vertical well. The formation local characteristics are 
determined. The data obtained are used to update the profile and design of tile injection and 
production well with a wellbore horizontal termination. Then, 3-8 injection and production wells 
with the wellbore horizontal termination are drilled. The wellbore horizontal terminations are 
arranged radially from the cluster center and cased with filters, length of each wellbore 
horizontal termination being 250 m and over. The point of entry of each wellbore horizontal 
termination into the production formation top iS arranged at a distance of not less than 100 m 
from a wellbore of the vertical well. It is used as an injection well, 1 dep. claim, 2 illustrations, 3 
Tables. 

DESCRIPTION OF THE INVENTION 

The invention relates to the gas industry and is provided for construction and operation of 
underground gas storages. 



The prevailing bodies used for construction of underground g^s, storages are depleted deposits 
(gas and gas condensate) which in the majority of cases are associated with indraught of bottom 
and under water in the process of development or with closely located water-bearing formations 
and which also change the stress condition of a reservoir matrix resulting in its reduced strength 
properties. 

Said changes in the deposit condition upon development completion limit the differential 
pressure in the well-formation system when injecting and extracting gas, and hence require 
drilling a large number of wells to maintain peak regimes in the process of underground gas 
storage operation. 

One of the main indicators for constructing an underground gas storage is a high reservoir 
permeability. For example, permeability of formations of known gas storages is as follows: 
Severo-Stavropolskoe - 1,000 mD, Peschano-Ushetskoe - 1,300 mD and Kasjmovskoe - 600- 
2,800 mD. 

The world practice lacks experience of constructing large gas storages with an active capacity of 
over 5.0 billion m3 in terrigenous reservoirs with a low pertneahility (15-30 mD, but not more 
than 80 mD) and a small effective thickness from 4 to 25 m, but not more than 40 m. To 
efficiently operate the above deposits, the required number of wells needs to be drastically 
increased. 

The method is known that provides construction of a gas storage in a water-bearing formation of 
a heterogeneous lithologic structure comprising gas injection into the formation and gas 
extraction from it for users, with more permeable interlayers being selected in the water-bearing 
formation, while the gas is successively injected into the selected interlayers starting from the 
upper interiayer, with the gas being injected into each i ntef layer until the gas reaches the 
boundary of a trap [! ]. 

Disadvantages of the known method are high construction costs of the underground gas storage 
and low efficiency of its operation because of a large number of vertical wells, their low 
injection capacity and yields due to constraints on allowable pressure differentials in the well- 
formation system conditioned by the reservoir collapse during gas extraction and injection. 

The method being most similar to the claimed method in terms of technical essence and results 
obtained is the method of construction and operation of multilayer underground gias storages 
comprising selection of multiple formation bodies in a geological section to store gas, drilling 
injection and production/monitoring and regulating wells, equipping injection and production 
wells with casing and production strings, injecting gas into the selected formations and 
extracting the stored gas from them, with the production strings being perforated in each 
injection and production well in the interval of all selected formations, the gas to be stored being 
injected and extracted simultaneously in all formations through the production string of injection 
and production wells, monitoring and regulating wells being drilled for each formation and the 
gas being additionally injected into and extracted from the monitoring and regulating well to 
regulate gas injection and extraction volume with respect to each formation [2]. 

Disadvantages of the known method are associated with high costs of construction and operation 
of the underground gas storage due to a large number of vertical wells, their low injection 
capacity and yields, wells flooding under forced operation conditions, specifically during peak 
operation periods. 



The object of the present invention is to reduce construction costs of the underground gas 
storage, increase its performance by reducing the number of wells, preventing flooding and wells 
collapse and providing the required gas extraction from the underground gas storage in peak 
operation periods. 

The essence of the present invention is that in the known rriethod of constructing and operating 
an underground gas storage in multilayer non-uniform low-permeability slightly cemented 
terrigenous reservoirs with an underlying water table comprising drilling injection and 
production wells, equipping them with production strings, injecting the gas into and extracting it 
from the production formation, in accordance with the present invention injection and production 
wells are drilled with a wellbore horizontal termination and are arranged in clusters with a 
vertical well, with the production formation and partially an underlying water table being 
initially stricken with a vertical well, local characteristics of the production formation are 
determined: occurrence depth of the production formation and underlying water table, thickness 
of an interlayer between them, permeability and porosity of each production interlayer, the data 
obtained are used to update the profile and design of the injection and production well with a 
wellbore horizontal termination, then, 3-8 injection and production wells with the wellbore 
horizontal termination are drilled, with the wellbore horizontal terminations being arranged 
radially from the cluster center and being cased with filters, length of each wellbore horizontal 
termination being 250 m and over, and the point of entry of each wellbore horizontal termination 
into the production formation top being arranged at a distance of not less than lOO m from a 
wellbore of the vertical well, wdth the vertical well being used as an injection well. 

In addition, each of wellbore horizontal terminations intersects all production interlayers. 

Fig, 1 illustrates a formation section with a vertical well and one of the injection and production 
wells with a wellbore horizontal termination. 

Fig. 2 illustrates a diagram of wells arrangement in a cluster. 

The method is embodied as follows: 

Reference is made to Fig. 1 in which: 1 - production formation; f , 1, 11, in - production 
interiayers; IV - clay interbeds; 2 - water table; 3 - shale break between production formation I 
and underiying water table 2; 4 ~ vertical well; 5 - production string; 6 - mortar, 7- perforations; 
8 ~ injection and production well; 9 - entry of wellbore horizontal termination into top of 
production formation 1; 10 -filters. 

A production formation 1 comprises low-thickness alternating sandy-clayey interbeds: f , I, II, III 
with wedged-up clay interbeds - IV. The reservoir permeability is 30-40 mD. The total thickness 
of the production formation varies from 10 to 40 m and the weighted average gas saturated 
thickness is not more than 20 m. 

An underiying water table 2 is located beneath the production formation 1 , A shale break (cap) 3 
is located between the production formation 1 and underlying water table 2. 

A vertical well 4 strikes the production formation 1, shale break 3 and partially water table 2. 
Then geophysical survey is conducted to determine as follows: position of the top and bottom of 
the production formation and its interbeds, their thickness and depth of occurrence, formation 
filtration parameters, lithologic characteristics, clayeness of the section, depth of occurrence and 
thickness of the shale break 3 separating the production formation 1 from the water table 2. 



A production string 5 is lowered into a well 4 and is cemented, then the string 5 is perforated in a 
zone of the production foririation 1. 

The geological survey data are used to update the profile and design of the injection and 
production well with a wellbore 8 horizontal termination. Then, injection and production wells 8 
are drilled with the wellbore horizontal termination length of 250 m and more and are arranged 
radially from the cluster center. The point of entry 9 of each wellbore horizontal termination into 
the top of production formation is arranged at a distance of not less than 100 m from a wellbore 
of the vertical well. 

Production strings 5 are lowered into the injection and production wells 8, perforated pipes 
(filters) 10 are lowered into the wellbore horizontal terminations 8 and the production string 5 is 
cemented over the production formation. 

The gas is injected into the production formation 1 through a vertical well 4 and injection and 
production wells 8, while the gas is extracted only through injection and production wells 8, 

In the provided well cluster arrangement illustrated in Fig, 2, 

where A and A' - vertical well and its drainage region, respecti vely; 

B and B' - injectiofi and production well with wellbore horizontal termination and its drainage 
region; 

B - cluster with seven wells; 

a negative influence of a cone of depressiori is reduced to zero. 

Example, The provided method of constructing and oi3erating an underground gas storage in 
multilayer non-uniform low-permeability slightly cemented terrigenous reservoirs with an 
underiying water table serves as the basis for constructing and operating one of the underground 
gas storages in the depleted gas condensate deposit of Albian stage of Lower Cretaceous deposits 
formed of clays, sandstones and aleurolites. 

Main geologic production data on the deposit are provided in Table 1 (Table 1-3 see at the end of 
description). 

In the process of designing the underground gas storage, it is planned to drill 241 injection and 
production vertical wells to reach the design indicator of the storage capacity. 

Using the cluster wells with a wellbore horizontal termination, however, allowed only 140 wells 
to be designed for the same capacity, out of them, 71 horizontal and 69 vertical wells. 

Table 2 provides characteristics of vertical and horizontal wells and also actual yield 
measurement 

As it follows from data provided in Table 2, increasing the length of a wellbore horizontal 
section over 250 m increases the well yield more than 6-fold compared to that of the vertical 
well. 

Table 3 provides the data on yields of average vertical and horizontal wells. 



In May 1997, 80 wells of the underground gas storage, including 31 wells with a wellbore 
horizontal termination measuring 250 m and over in length, provided a peak injection with a 
current yield of 9.8 mem of gas compared to 4.9 and 4.4 mem of gas in April and September, 
respectively. 

In the 1997-1998 winter season characterized by extremely unfavorable climatic conditions and 
substantial shortfall in delivery of gas from the Unified Gas Supply System, the underground gas 
storage constructed using both vertical wells and wells with a wellbore horizontal termination 
demonstrated its importance and significance. Li this case, even with design incomplete buffer 
gas volume the underground gas storage operated with the design productivity, thereby allowing 
for continuously supplying gas to a large region of Russia during that period. 

The claimed method compared to the prototype method reduces construction costs of an 
underground gas storage^ increases its performance by reducing the number of wells, preventing 
flooding and well collapse, extracting the required volume of gas in peak operation periods, 
increases the gas storage volume and gas injection/extraction rates by putting into operation the 
formations which were considered unsuitable because of low reservoir properties when stricken 
by vertical wells and also reduces the size of wells/gas-flow lines/acGes$ roads land and mitigate 
environmental impact. 
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Claims 

1. The method of constructing and operating an underground gas storage in multilayer non- 
uniform low-permeability slightiy cemented terrigenous reservoirs with an underiying 
water table comprising drilling injection and production wells, equipping them vAth 
production strings, injecting the gas into and extracting it from the production formation 
characterized in that injection and production wells are drilled with a wellbore horizontal 
termination and are arranged in clusters with a vertical well, with the production 
formation and partially an underlying water table being initially stricken with a vertical 
well, local characteristics of the production formation are deterniined: occurrence depth 
of the production formation and underlying water fable, thickness of an interlayer 
between them, permeability and porosity of each production interiayer, the data obtained 
are used to update the profile and design of the injection and production well with a 
wellbore horizontal termination, then, 3-8 injection and production wells with the 
wellbore horizontal termination are drilled, with the wellbore horizontal terminations 
being arranged radially from the cluster center and being cased with filters, length of each 
wellbore horizontal termination being 250 m and over, and the point of entry of each 
wellbore horizontal termination into the production formation top being arranged at a 
distance of not less than 100 m from a wellbore of the vertical well, with the vertical well 
being used as an injection well. 

2. The method of Claim 1 characterized in that each wellbore horizontal terminations 
intersects all production interiayers. 

DRAWINGS 

Figure K Figure 2. Figure 3, Figure 4 
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Abstract Of RU21 36566 

FIELD: gas industry. SUBSTANCE: method comes to drilling injection-development wells.equipped 
with flow tubings, injection into pay-out bed of gas and extraction of gas. Injection-development wellj 
are drilled with horizontal termination of bore hole and are arranged in dusters with vertical well. Firs 
pay-out bed and partially underlaying water bearing stratum are drilled in and local characteristics of 
bed are deterhfiined. Basing on obtained data, well profile and program of injection-development wel 
with horizontal termination of bore hole are defined more accurately. TheriiS-S injectlon-developmen 
wells with horizontal termination of bore hole are drilled. Horizontal termination of bore holes are 
arranged along radii from center of cluster and are Jined with filters length of each horizontal 
termination of bore hole being 250 m and more. Point of entry of each horizontal termination of bore 
hole into top of pay-out bed is arranged at a distance not less that 100 m from vertical well bore hole 
which is used as injection well. EFFECT: reduced building costs, 2 cl, 3 tbi, 2 dwg 
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(54) CnOCOB COSflAHUH M 3KCnnyATfiX\m nOfl3EMHOrO XPAHH/IMUIA rA3A B MHOronJlACTOBblX 
HEOAHOPOAHblX HM3KOnPOHMUAEMblX CJlABOCUEMEHTVlPOBAHHblX TEPPlirEHHWX KOJIJIEKTOPAX 
C nOACTVUlAIOmMM BOAJIHbIM rOPM30HTOM 



(57) Pedpepar: 

Mc^oJ^b30BaH^w:. vaoepeTeHwe OTWocwTCfl k 
raiaoBot^ npoMbiimieHHocTH m npeAHasHaMeHO 
PfiH coaA^HMR M axcrmyarai^Mvi noAseMHbix 
xpaHMJiMoi raiaa. 068cneMVfBaeT cHvokeHHe 
aarpai Ha crpoKrenbdrao xpaHMniiu^a. 
CymHcxjTb M2c6perems\: cnocoe aicniwaeT 
6ypeHHe HarHeraTanbHO-aKcnnyaraHMOHHbDc 
cxBa}KMH. o6opyAOBaHMe m 

aKcnnyarat^i^OHHbiMM KonoHHaMH, saKaMKy a 
npQAyicrViBHbin nnact raaa m erd OT^op. 
HameTaTenbHa-3KcnnyaTai4HOHHbie CKBa}KMHbt 

6yp$1T C ropH30HTanbHblM OKOHHaHMeM CTBona M 

f^cnonaraioT hx KycraMn c aepTwKanbHoft 
cfcaasKMHoit. BHasane actcpbiBaior aepTMiojibHofl 

CKBaJKMHOfl npOflJ^KTm^M rUiaCT H MaCTMMHQ 

noACTV4na}ou^Mfl bqahhoi^ ropiisoHT. 
OnpeAe/ifiioT noKanbHwe xapaicrepMCTbiKvi 
nnacta. flo nonyMeHHbiM a^hhum yroMHAiOT 

npCXtMinb M KOHCTpyi^MlO 

HameTaTenbHO-3KcnnyaTai4MOHHb!X CKBa>KMH 
fopviaoHTanbHbiM OKOHMaHMeM CTBona. SareM 
6ypflT 3-8 HameTaTenbHO-3KcnnyaTai4MOHHbix 

CKBa)KVIH C rOpM30HTai1bHblM OKOHMaHHeM 

cTBOJia. ropwaoHTanbHwe ommsHm cTBona 
pacnonarawr no paAHycaM ot i4eHTpa nycra m 



o6ca)KMBaioT cf^wnbTpaMM, A^wwa ica>Kfloro 
fopMSOHTaribHorb oKOHMaHnw cTBona cocraB/ifleT 
250' M M 6onee. ToMKy Bxojtva Kamoro 
ropH3dHtaiibHcrb OKOHMdHMft CTBO/ia B KpoariK) 
npcAVKTviBt^o nnacTa^ paaMeiiiaioT Ha 

paOCTORHUM H8 MSHee 100 M OT CTBOna 

BepTMKanbHon cKBaxMHU. Ee McnonbsyioT a 
KaqecTse HameraTenbHoi^, 1 xniCt^-nw, 2 wn,, 
3 Ta6n. 
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(57) Abstract: 

FIELD: gas Industry. SUBSTANCE: method 
comes to drilling Injection-development 
wells equipped with flow tubings, injeciion 
into pay-out bed of gas and extraction of 
gas. Injection-deveiopment wells are drilled 
with horizontal tennlnation of bore hole and 
are arranged in clusters with vertical well! 
First pay-out bed and partially underlaying 
water bearing stratum are . drilled jn and 
local characteristics of bed are determined. 
Basing on obtained data, well profile and 
program of InjecUon^evelopnnent wells with 
horizontal termination of bore hole are 
defined more accurately. Then 3^ 
injection-development wells with horizontal 
termination of bore hole are drilled. 
Horizontal termlrialion of bore holes are 
arranged along radii from center of cluster 
and are lined with filters length of each 
horizontal termination of bore hole being 
250 m and more. Point of entry of each 



horizontal termination of bore hole into top 
of pay-out bed is anBnged at a distance not 
less that 100 m from vertical well bore hole 
which is used as inlection well. EFFECT: 
reduced building costs. 2 cl. 3 tbl. 2 dwg 
AS 
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H3o6p8TeHMa OTHOCMTCfl K rasoBOiS 
npoMuoineHHocTM n npeAHasHaMeHO Ann 
C03A3HMq M oKcnnyarai^i^M noA3eMHbix 
xpaHMUMu^ raaa. 

HaH6ojiee pacnpocrpaHdHHbiMM 
npHpoAHbiMki obbetaaMM. ticnonbayeMbiMM An5i 
co3AaHviq noAseMMbix xpanii/iHu^ raaa. 
flB/iflioTcj? ncTomeHHwe zane)K!A (raaoBwe m 
raaoKOHAeHcaTHbis). Koropbie b 6onbiuMHCTBe 
cBoeM, B npoi^ecoe pa3pa6oTKM noATHrviBawT 
noAOUJB6HHbid lAS]\^ saKOHiypHbie BOAbi nui6o 
MMeiOT 6/it43KO pacnono»(eHHU6 BOAOHocHbie 
ropi^aoHTb!, a taK Me MaMeH^iot Manp5))KeHH06 
cocTORHne cKonera KonneKTopa. mto npuBo/WT k 
yMeHbUjeHMio ero npoMHpcfHbpc cbomctb, 

VKaaaHHbie \A3MeHems\ cocTonHMA ^ane^m 
npM saaepujeHviM paapaSoTKM s^anniOTCR 
npMMMHoi^ orpaHMHeHHfl nepenaA^ ff^onenvin b 
CHCTeMe cKBa>KMHa-nnacT npH daxawKe or!5ope 
rasa, mto npviBOAMT k Heo6xQAjMMOcrH 6ypeHMfl 
6onbUioro MMcna CKBaxcHH c t^eribio 
oSecneMeHMR n^tcoaboc pe)KMMOB b npouecce 
3xcnnyaTai\MM noAseMHbix xpaHMiiHiu raaa, 

Oahhm hs ocHOBHbix noKasaTaneA hpM 
C03A9Htivi noA3eMHbfx:xpaHMnMu^ rasa flBJifleTcsi 
Bbiex>icafl npoHML(adMOCTb KonneKTopa. 
HanpMMep. npoHMLiaeMocTb: nnactba MaaecTHbix 
xpaHMTiKiU raaa cocTaanfler: 
CeBepo-CriBiBpondnbCKoro ^ 1000 
necMaHO-yujeTCKoro • 1 300 mA, KacciMOBCXoro - 
600 - 2800 m;:i. 

hAvipoBan npaKTHKa we HMeer ohbtra 
co3AaHMfl KpynHwx xpaHMJinu\ rasa c aicniBHbiM 
o6i>eMOM 6oiiee 5.0 MnpA-W^ a TeppureHHbix 
Ko/inexTopax c wnsKOfi npoHni^aeMocrbJO (1 5-30. 
Mfl, HO He 6anee 80 wfl) m HeOonbUJoJ^ 
34]>4)eKTwiBHoC4 MOU4MOCTbio B npeAd^x 4-25 M, 
HO He 5onee 40 m. flnn onucaHHbix 3ane)Ke5i 
HeoSxoAMMoe ahh ^^cp^KTmno^ oKcnnyaTauMw 
mcs]o CKBajKMH pesKO VBenMSMBaercfl. 

MaBscreH cnoco6 co3A3HMn noAS&MMoro 
raaoxpaH^riMiHa a boaohochom n/iacre 
HeoAWopoAHoro nuTonomMecKoro crpoeHMP, 
BKnwMaiotMMC^ 3aKaMKy rasa b finacr u orfep raaa 
noTpe6iiTenio. npn 3tom b boaohochom n/iacre 
BbiAa/iniOT 6oiiee npoHMi^aeMbie nponjiacTKii. a 
saicaMKy rasa ocyiuecTBnfiioT b BbiAeneHHbte 
nponnacTKM nocne^BarenbHO. HanHHaq c 
BepxHefx>. npHMBM saKaMxy rasa b KaxcAbin 
npormacTOK e^qyT Ap noflaneHMfl rasa Ma 
rpaHMi^e noByuJioi [1]. 

HeAOCTaTKauM vi3BecTHono cnoco6a 
flsnniotcfl BbicoKMe sarparbi Ha cp3A^HMe 
noAaeMHoro xpaHvviMi^a raaa m HMSKan 
3C()(})eKTMBH0CTb ero dKcnnyaTauMki M3-3a 
Gonbtiicro MMcna BeprHxanbHbix ckbsaqah, 

HViSKOi^ MX npMeMMCtOCTM M AeGi4TOB npM 

co6ntoAeHMM orpaHMMeHidfl Ha AortyctviMbie 
nepenaAbi AasneHwivi a CMcreMe 
CKBa)Ki4Ma>miacT. o6ycnoBneHHfaix paapyiueHkieM 
Konnetaopa npM oT6ope m aaxaMKe raaa. 

Haweo/Tee GnwaKHM no rexHMMecKoa 
cyinHOCTM M AocTuraeMpMy pesy/ibTaiy k 
aafiBHReMOMy cnoco^ ^lanneTCfl cnoco6 
cosA^HMR VI aKcnnyaraL^MM MHoronnacTOBbpc 
noA38MHbix xpaHH/ii4U4 rB3a. BKnmaioiAMe^ 
BbiAeneHMe b reoinorMMecKOM paspeae 
HectconbKMx ruiacTOB * oGbexroB An5i xpsHeHMfl 
rasa, 6ypeHMe 

HameTaTenbHO-aKcnnyarauMOHHbix h 
KOKTpo;ibHo-perynMpyiou4MX a©awiH, 
odopyAOsaHne 

HarHeTarenbHo-oKDnnyaTaLtwoHHba ocaawMH 

o6caAH0(l VI SKCnjiyaTBMMOHHbiMVI KOnOHHaMVI, 

saxaMKy b suAeneHHbie ruiacTbi m OT6op m hmx 
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xpawMMoro raaa. npi^qeM np!4 o6opyAoaaHMH 
HarHeTaTenbHo-aKcnnyaTai^MOHHux cKsaKviH 8 
icawoi^ cKBaxMHe SKcnnyarauMOHHbie KonoHHU 
nep4>opvipy)OT b nHrepBa/ie Bcex BMA^&HHbix 
nnacTOB. saKa^xy rasa ncAn6)KaiAero xpaneMMio 
w ero OT6op nponsBOAHT OAHOBpeMenHo no 
BceM nnacraM ^epes dKcnnyaTauMOHHyio 
KonoHHy HarHeTatejibHO-OKcanyarauMpHHbix 
CKBaJKMH, 6ypeHMe KOHTpojibHo-perynnpyioinMX 
CKBa)KviH npOM3BOA^T Ha Ka?KAbi^ nnacT. a np^i 
peryjikipoaaHi^M oG-beuoa saKaMKii mhm oT6opa 
rasa no KaJKAOwy- nnaciy ocyinecrBnaiOT 
AonojiHHTenbHyio saxaMxy mjih ot6op rasa b 
KOHTjpo/ibHO-pery/iHpyioiMMe CKBa;KMHbi [2]. 

He;^pctaTKaMM nsBecTHorp cnoco6a 
flBfiqioTc^ BbiopiCMe aarpatbi na cpsAaHtie \^ 
SKcnnyaiTauHto noAseMHorp xpanvtrMma raaa 
M3-3a 6o/ibiiJoro Mwcna BeprMKajibHbix cxBaxi^H, 

HM3X0R. MX npneMMCTOCTH M A^^MTOB, 
06BC|AHdHMfl CkBa)KMH npM .C|)OpCt1pOBaHHbfX 

pencMMax, oco6eHHo: b fmtdoBue nepMQAbi 
3KcnnyaTai4MM. 

3a/]0Hej) HacToniiiero MaoOpereHMR 
flBTinetcn CHMTiceHvie aajpar Ha oc^zp^nm 
rio/i3eMHoro xpankinMU^ raaa. riOBbiujeHMe 
3Ct)4>eKrMQH0CTM ero axcninyaTauMH aa CNer 
coxpaiueHMfl MMcna OKBajkHH, npeAioTBpaLi4eHM5i 
o63QAHeHMn M paapyiijeHMfl cmsimH m 
o6ecneM0HMR HebdxoAHMbrb otGopa riasa m3 
noAseMHoro xpaHMnMu^a raaa b nMMoabie 
nepMOAbi 3KcnnyaTai4viM. 

CyuiHocTb HacTORi^ano i43p6peTeHHR 
3aicnioMaeTCfl a tom, mto b MSBecrnoM cnoco6e 
C03A3HMS M 3KcnnyaTai4MM noAseMHoro 
xpaHkuiMii^a rasa a MHoronnacTosboc 

HeOAHOpCAHbiX HH3KOnpOHi4L4aeMbp<; 

cnaeoa^eMeKTMpoaaHHbix TeppMreHHbix 
KpnneKTopax c noAciMnaioLUMM soA^HbiM 
ropMSOHTOM, BKHioMajomeM 6ypeHMe 
HarHeTaTenbHO-aKOTXiyaTaijtHOHHbDc cm&mH, 
oeopyAPeaHne vix axcnnyaTai^MOHMbiMM 
KonoHHaMM, saKaMKy b npoAyicrMBHwH nnacr raaa 
M ero oT6op, oornacHo naoSpeTeHMio, 
Ham6TaTeJibH0-3KGnnyaTai4M0HHbie CKBa)KMHbi 
6ypflt c ropn30HTanbHb!M oKOHMaHneM ciBona \a 
pacno/iaraioT mx xycTaMn c BeprnicanbHOvi 

CKBa)KMHO(^, npw 3T0M BHaMa/ie BCKpbiaaHDT 

BepTMKanbHof^ cKBa)KMHo£S npoAyicTMBHbift n/iacT 
M MacTMMHO noACTWJiajoiHMi^ BOfl«Ho« ropnaoHT, 
onpeAe/ifliOT AOKa/ibHue xapaKrepMCTMKn 
npoAyKTMBHoro nnacTa:= rnyOnHy 3aneraHna 
npqflyKTMBHoro anacTa • ki noACTM/iaiou^ero 
BOA«Horo ropi430HTa, MomHOCTb pasAexiHioaiero 
MX nponnacTica. npoHMi^aeMOCTb m nopMcroctb 
Kawpro nppAyKTMBHoro nponnacTKa, no 
nonyMdHHbiM A^HMbiM yroMH^toT npo<|>Mnb m 
KOHcrpyxuMK) 

HarH&TaTenbHb^KcniiyaTai4M0HHbix cx^smm c 
ropMsoHtaJibHbiM OKOHMaHMeM GTBona. aaTeu 
Gypnt 3-8 HameratBjibHo-dKcniiyaraUMOHHbix 

CKBajkliH C ropM30HTanbHblM OHOHMaHMeM 

CTBona, npMMBM ropHswra/ibHbie OKOHMaHMfi 
CTBOina pacnoxiaraiOT no paAnycaM or L^enrpa 
Kycra m oGcaxoiBaioT cfMnbtpaMM. AflMHa 
na^KAC^ ropM30HTanbHoro oKOHMaHMn CTBona 
cocTaBJiRer 250 m m 6pnee. a roMicy bxoa9 
Ka)KAono ropHaoHianbHoro OKOHMaHMfl ciBona b 
KpoBnio npoAyin-MBHoro nnacra pasMetuaioT na 

paOCTORHMM H6 M^HBd 100. M OT CTBOna 
BepiMKailbHOtl CKBaKMHbl. npH 3rOM 

BepTMKanbHyK) cxBa^KMHy McnonbsyiOT b 
KaMBCTBe HarHeTarenbHOM. 

KpoMO Toro, Ka)KAbi() m3 ropM3OHTanbHb0c 
oKOHMaHMft cTBonoB nepecBKaeT Bce 
npoAyKTMBHbie nponnacmi. 
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Ha cpwr. 1 npe/ipraansH paapea nnacTa c 
pasMeu^eHHbiMM BepTi^Ka/ibHOv^ \a oaho^^ \az 
HarH8TaTe;ibH0-3JccnnyaTai^M0HHhix cxq37k\ah c 

rOpMSOHTaXlbHblM OKOHMBHHeM CTBO/ia. 

Ha cpMr. 2 npeAcraoiieHa cxeMa 
pasMeu^eHHfi ckbs^kmh b Kyore. 
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CnocoS 
o6pa30M. 
Ha ct>v4r. 



ocyu4BCTBn9K5T cneiAyfOiUMM 



1 M3o6pa;KeHo: 1 



nppJ^yKTV4BHblR 

nnacT; r. i. ii, ill - npoflyiaMBHue 
nponjiacTKM, IV - npocnoM mMHw. 2 - bqashoJ^ 
ropviaoHT. 3 - mkiHHCTbii) npon/iacrox MeyKf^ 

npQAyKTMBHblM fUiaCTOM 1 M aOAPTMnaK)U(t4M 
BCVVIHbtM ropMSOHTOM 2, 4 - BepTMKanbHafl 
cKBoicKHa, 5 - 3KcruiyaTai4MOHHaif) KonoHHa, 6 ^ 
LteMeHTHbifl pacTBop. 7 - nep4)opaL^HHbie 

OTBepCTMfl. 8 

HarHeTarenbHO^KcnnyaTaL^MOHHan ctcBaMCMHa. 9 
- TOMica BXOAa nopviaoHfajibHoro OKOHMaHUfl 
craona a xpoanio npq^KTMBHoro nnacra 1/10 - 

C|)MnbTpbi. 

npQOyKTMBHalff rUiaCT 1 COCTOMT M3 

He6onbiUMX .no mou^hoctm Mepe^VKJiM^pccfl 
necMaHo-mwHMCTbix nponnacTKoe: I®, I. Il» 
HI c noflKnuHBHHbiMM npocnoflMw mMH - IV. 
DpoHMtJiaeMocTb KonneicropoB ooctasnfleT 30-40 
Mfl. OSii^aH MOLUHOCTb HpofiyKTi^BHoro nnacia 
vi3MeHfleTCfl B npefldJiax 10^0 m. 
cp6AHeB3BeujeHHaq raddHacbiii4&HHd^ 

MOlUHOCTb H8 60/198 20 M. 

HH5Ke npoAyJCTHBHoro nnacra 1 pacno/io)KeH 
noACTvuiatOLUi^i^ BOA^HOi^ rop^aoHT 2. Me^KAV 
npoj[V*^waMbiM ruiacTOM 1 m npACTMnaiouiMM 
BOAflHbiM ropMsoHTOM 2 pacnono>KeH mwHucTbii^ 
npormacTOK (noKpwiuKa) 3.. 

BeprviKanbHo^ onBa^viHOiA 4 BCKpuBaK)! 
npoAyicrnBHbif^ nnacr 1 , rjiMHWcrbit^ nponnacTOK 
3 H MacTMMHO BOASHdM ropMSOHT 2, SaieM 
npoaoA«T naoc^mmecme HccneAOBaHWA m 
onpefle/wjoT: wecTopacno/iojiceHViR Kposnn m 
noAoiiiBbj npoAyKTMBHoro rmacra n erp 
nponnaoTMOB, mx MoinHocTb m rjiySwHy 
aaneraHMR. ctsMnbrpauMOHHbte napaMerpbi 
n/iacra. /iHTonorvmecKMe xapaicrepvicTviiai, 
aamMMMSMpoBaHHOCTb paapeaa. riiySHHy 
aaneraHMSi m MOU^HOCTb r/iMHvicToro nponnacTiea 
3,. DTAenfltoiuerD npoAyKrtiBHbil^ luiacT 1 or 
BOA^Horo rppt430HTa 2. 

B cxBa^KHHy 4 cnycKaKn- dKcnnyaTaunoHHyio 
tconoMHy 5 M lieMeHTMpyiOT ee, aareM 
npoMSBQA^T nepct>opai4MK) KoncHHbi 5 b aoHe 
npotAyJCTMBHoro onacra 1. 

no AaHHbtM reo4>H3HMecKMX HOcneAPBaHHj^ 
yTOHHflioT npoct)i4nb m KOHcrpyio^Mio 
HarHeTarenbHO-dKcnnyarai^vioHHbix o^bso^h c 
ropM30HTanbHhiM OKOHMaHneM CTBO/ia 6. SareM 
6ypflT HafHeTaTenbHo-aKcnnyaTam^pHHbte 
CKBajKMHbi 8 c AHMHOi^ ropMaoHTanbHorb 
OKOHMaHVi« cTBO/ia 250 M M eo/iee ii 
pacnonarawT mx no paAi^ycaw or qeHTpa Kycra, 
ToHKy BxoAa Kawpro ropM30HTa/ibHoro 
oKOHHaHviR cTBona B Kpoanio npoAyKTMBWoro 
nnacra 9 paaMemaioT Ha paccroflHMM ho Menee 

100 M OT CTBOiia SepTMKanbHOM CKBaXMHbl, 

B HarHaraTenbHO-OKcnnyaTauHOHHbfe 
cKBaKkSHbi 8 cnycKaioT dKcnnyaraLiMOHHbie 

KOnOHHbl 6 B ropM30HTanbHbie OKOHMaHHW 

CTBonoB CKBa)KMH 8 cnycKaK)T 
nepclxDpupoaaHHbie Tpy6u {c}>jinbTpbi) 10. a 
aKcnnyaraui^oHHyto KonoHHy 5 HaA 
npoAyiCTMBMbiM niiacTOM ueMeHT^pyiOT. 

SaicaHKy rasa b npoAytcrHBHbivi nnacr 1 BeAyt 
nepea BepTMicanbMyto CKBa)icwiHy 4 m 
HdrHeTaTanbHO-dKcnnyaraHHOHHbie CKBaMCMHbi 8, 
a or6op aeAyr tonbioo Mepea 
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HameTaTenbHO-oKcnnyaTauMOHHwa c«Ba)KMMh! 8. 

ripn npeAnoKeHHOM icycTOBOM pasMeu^eHMM 
cmsmn M3o6pa)KeMHOM wa c|}Mr.2, rAe A m A- 
cooTBercTBeHHO, BepTMKa/ibHafi ctcsaxcMHa m 
o6iiacrb ea APaHHpoBaHMn; 

5 M B*. " COOTBCTCTBeHHO. 

HamaTaTejibH0-3KcnnyaTai4M0HHafl CKBd>iCHHa c 
ropiisoHTanbHbiM oKOHMaHHeM cTBona h oSnacrrb 
ea ApaHMpoBaHMfl; 

B - KycT c ceMbJO CKBapKMHaMw; 
OTpMuarenbHoe annAHwe A9npecci4bHH0i;^ 
BopoHKM cesAeHo K HVnK). 

rip^Mep. npaAnaradMbii^ cnoco6 cozpi^m m 
3KonnyaTai4MH noAseMHOfo xpaH^nMu^a rasa b 
MHoronnacTbBwx HeooHopoAHbOc 
HM3KonpOHMi^aeMbpc cnaSoct^eMeHTi^poBaHKbix 
reppureHHbix KonneKTppax c noACtMnaJOiAMM 

BOA^HblM ropVISOHTOM nonOKBH B OCHOBy 

co3AjaHiiR vi aKcnnyaraukiki OAHoro m3 
noA36MMbpc xpaHMnHiA rasa a McromeHHOM 
raaoKbHAeHcarHOM MecTbpa)KA^HMM aiibSciff^rb 
npyca HiixcHeMenoBbix orncuKeHMf^.. cno)keHHbro 
mMHaMii. DBCMaHMKaMM M ajieBponHTaMM. 

OcHOBHbte reojiorornpoMbicnoBbie lOaHHbie 
no MecTopoMCo^HMK) npMBeAeHbi a taSnHUe 1 
(Ta6n. 1-3 CM. B KOHue onHcaHMR).. 

(IpM npoeiCTMppBaHMii npAaeMHorp 
xptaHwiifiuia: rasa npeAycMorpeHb c BbixoAbM lia 
npoeKTHbif) noKaaarenb o6i»eMa xpaHMnHu^a 
npoeYPMTb24t 

SKcnnyaTamipHHO-HarHeTaTenbHyio 
BepTviKanbHyK} GKBa})q4Hy. 

OAHatco, Mcnonb30BaMM6 icycTO&bix ckBa)icMH 

0 ropW30HTajlbHbIM OKOHMaHMSM CTBOJia 

noaBonnno aanpoeicrnpoBaTb wa tot )Ke o6"beM 
Bcero 140 CKBa)KMH, wa hmx 71 ropwaoHranbHbie 

ii 69 BepfTMKanbHbDC CK8a>KMH. 

B J^^m\\Q 2 npviBeAeHbi xapaKtepMCTHKM 
BepTMKanbHpi^ h ropi^soKraxibHov^ CKBa}KMH, a rax 
?Ke c})aKrMsecKHe saMepbi Aa^moB. 

KaK cndAyer i/ia npMB&ABNMbix b radnMue 2 
AaHHWx, npvi yBenwMeHMM ppimn 
ropvtaoHianbHoro yMacTKa crsona 6o;i&e 250 m 
AeSMT cKBajKMHbi yBeni^MMBaercPi 6bnee new b 6 
pas no cpaBHeHHK) c BepTMkanbHbfi ckaajKHHOM. 

8 Ta6iini4e 3 npuBeAeHbi Ae6nTbi cpeAHew 

BOpTMKanbHOil M ropH3pHTanbHO^ CKBa>faiH. 

B Mae 1997 r Ha hoa^smhom xpaHnniii^d 
raaa 80 cmamAH, b tom Muicna 31 ocBaKi^Ha c 
ropMaoHianbHUM oKOHMaHMSM ;cTBo/ia fifxmdk 
250 M w Sonee, o6ecneMmiM niiKOByKs aaxaMicy c 
cytbMHbiM A^C^OM 9,8 mhh.m^ raaa no 
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raaa. 



cpaBHewMK) c 4.9 M: 4.4 lumH.M*' 
cooTBeicTBeHHo. a anpene m ceHTfli6pe. 

B auMHeM oeaoHe 1997-98 rr. 
xapaKTepMaoaaBUiMMCfl xpaf^He 
HeCnaronpMRrHbiii Kni^MariiMecko^.b^cTaHpBKoA 

\A MMeaUiMMM MeCTb C^iqeCTB8HHbiMM 

HeAonocraBKaMvi raaa m Eamho^ cucreMbi 
ra30CHa5x6HHH npoRBH/iacb ponb li aHaMdHMe 
noAseMHorp xpanvuitiiMa raaa. coa^AaHHoro kbk 
BepTMKanbHbiMM, rax n CKBaKMHaMM c 
ropnaoHTa/ibHbfM 0K0HHaHneM craona, ripw 3T0m 
Aa)Ke B ycnoBM«x HenojiHoro ey<|)epHorp 
o&b6Ma raaa. npeAycMorpoHHoro npoeKioM. 
6bina o6ecneMeHa npeAycMorpeHHafl npoexroM 
nponaBOAKrenbHOCTb noAaeMHoro xpaHVinviu^a 
raaa, mto b uenoM noaaonMno oeecneMMTb b 
3T0T nepMOA 6ecnepe6oC^Hoe raaocHaSxeHvie 
KpynHoro perMOHa Poccmm. 

3a$)Bnfl8Mbi{) cnoco6 no cpaBHeHMto co 
cnocc^M - npoTOTunoM no3Bon5»er CHViaviTb 
aarpaibi na coaAaMMe noA3dMHoro xpaHiinMiua 
raaa. noabicwiTb 3<t>4>eKTviBHOCTb ero 
3Kcn/iyaTai4MM aa c^eT coxpaiAeHMfl MMcna 
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CKBa)K>iH. npeA0TBpdu^eHki5i o6&oAHeHM;) m 

HeoSxQOMMoro 0T6opa raaa b nwKOBbie nepuioAbi 
aKcnjiyaTai^MM, yBSJikWurb o6\>eM 

rasoxpaMMjiHiMa vi reMnbi oT6opa-aaKaMKvi raaa 
3a cMer soaneMeHMfl b pa6o7y nnacroB. 

CMMTaBUJMXCfl npW BCKpWTMM MX SepTl/IKaTlbHbiMM 
CKBaKMHaMM, HenpurO^AHblMM M^3a HH3KMX 

KOiineKTOpCKMX.cBoftcTB. KpoMB TOfo. no3BonpeT 
coKparnTb pasMepu aeMeribHbOc yMaciKos noa 
c!CBa)KviHb]. tiineC^ct)b!. noffbea^Hbie Apporvf. 
yMeHbLUMTb Bpe^Koe BoaaeffCTBvie Ha 
GKpy>KaK>myK> cpeay. 

McTOMHViKM m<popMaii,m: 

1. N 1041438 A, B 65 C 5/00, 1983. 

2. CoHAaTicMH r.H. M AP-. noAseMMoe 
xpaHeHHd raaa b BOAOHOCHbix rmacrax, 
TeMarHMecKM^^ HayMHO-rexMUMecxnC^ o63pp, 
3apy6e}fCHbiS^ onbiT. BHHl^draanppM. 1988 n, 
CTp. 33 - 37. 

<i>opMyna iido6peTeHi45^: 

1. Cnooo6 003inaHM5t m aKcnnyarai^nH 
noAseMHoro xpaHv^/ivnua raaa b 
MHoronnacTpBbix M.eoAHopoAWbix 
Ht^sKonpOHMuaeMbix cna6oct4&MeHtMpbBaHHbbc 
reppHreHHbix Konneicropax c noAcriinaioiMiiM 
aoA»HbiM ropM30HTOM. BicntoMatou^kii^ 6ypeHMe 

HarH6TaT6/lbH0>dKCniiyaTaUMOHHbiX CK&aKVtH, 

o6opyA08aHvie m 3KcruiyaTaL4MOHHbiMW 
KOJidHHaMH, 3dkaMKy a npoAytcTHBHbiv^ nnacr ra3a 
M ero oT6op, ornviMaiomMftcfl tom, hto 
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HarKeTaTe/ibHO-aKcnriyaTai4MOHHbi6 cxsa^KviHbi 
6ypHT c ropM30HranbHWM OKOHMaHweM CTBona m 
pacnonaraioT mx xycraMM c BeprwicanbHoK 

CKBa)KVIHOfl. npM 3TDM BHasaXie BCKpblBaiOT 

BepTMKanfciHofl CKBaHCMHoW npoAyKTMBHbift n/iacT 
\A MacTMMHO noACTunajoiAni^ boahhoJ^ nopnaoHT. 
onpeAaiiflJOT noxaribHwa xapaKrepwcTHKM 
npoflytcTMBHoro nnacra: my6nHy aaneraHMfl 
npQAyKTMBHoro nnacra w noACTi</iaioii;8ro 
BQAflHoro ropMSOHTa. MomHOCTb paa^aenfliOLuero 
MX npofinacTKa, npoHMuaeMocTb m nopwcrocTb 
Ka)KAoro npoflyrrMBHoro npon/iacnca. no 
nonyvieHHWM AaHHbiM yroMHRioT npocJjH/ib n 

KOHCrpyKUMKD 

HameTaTeribHp-OKcn/iyaTaMMOHHbix cKBa>KMH c 
ropM30HTajibHbiM oKOHMaHweM cTBona, aareM 
6ypfiT 3-8 HameTarenbMo-SKcnnyaTauMOHHbix 

CKSaKVlH C ropnaOHTa/lbHUM OKOHMaHMeW 

CTBona, npviMeM ropHsoHtanbHbie CKOHMawMfi 
CTBona pacnoiiaraioT no paAwycaM ot i4eHTpa 
Kycra m o6ca>KM8aK)T (JjwnbTpaMn, AnnHa 
ica)Kfloro ropnaoHTanbHdro oKOHsaHvifl CTBOiia 
cocTaBPflet 250 m vi 5onee, a roMicy bxoa9. 
Ka)KAoro ropnaoHTanbHoro oKOHMaHMs cTScyia b 
Kpoanio npoAyKTMBHOTQ nnacra pa3MeiHaK>T Ha 
paocTOflMMM He Menee 100 m ot creona 
eepTHxanbHojt CKBa)KiiHbi. npH otom 
sepTMKanbHyK} CKBa>iCMHy Mcnonbsytor b 
KBHecTse HarHeraTenbHoji. 

2. CnpcoS no n.:1i.0TnMHaK>iUMRcH teM, mto 

Ka>Kablfi tl3 ropVI30HTaJ1bHbCX OKOHHaHMPi CTBOnOB 

nepec6Kaer ace npoAytcrMSHbie nponnacTKti. 
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Ta(5ji»ma I 



IloicaaaTGJW f f I ^ n ! ID 

[ luracT t n;racT } njiacT f n/racT 
1 J. L„-^-.^_. 

CpewHHH rjiytJHHa aa- 

JieraHHa, m I3I8 1330 1340 1355 

QpepfifiK npOHHliae- 

MOCTb, t^H 34,6 19,0 60,0 77,2 

3$$eKTaBHaH Mom?- 

KOCTi,, M 2,4-17,0 4,0-19,2 IQP-26,2 10,6-37,2 



TalSmim 2 



»*. PaccTO}iHwe?AaHHa {PaccTOfl^,Se(SHT , 
nn itewfsy cKsaJropMaoH- Hwe Mem- 
! mvsam b fTanbHo- ifly pfma- 

I pfWy» M jrO CTBO-fMM CKBa- 
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THC. 
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CHR, 



149,2 

306,2 
358,1 
365,1 
409,5 



Mlla 



,fleiipec-|OTHoc»inpHMe - 

\Hoe ! 
,yBe;M- ! 

jAe^HTa! 

_ kpTHKa- 

CKB. 

0,95 3,41 PopaaOHT. 

CKB. 

0,66 5,75 
0,62 6,24 
0,.34 12,72 



TajUmtJjBi 3 



AaTa inepenaA 



■T 



l^ ggMT, THC.M3/cyT 

j BepTHRajz&Hafl. ropHsoMTaxb- 
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1,15 


41,82 


126,33 


3,02 


19.02.97 


1,30 


24,0 


61,5 


2,56 


19.02.97 

6.02.98 

11,02.98 

04.03.98 
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1,14 
1,65 
1,78 
1.05 
1,51 


46,0 
36,88 
26,38 
57,21 
38,715 


94,25 
123,80 
109,67 
111,82 
104,56 


.2,05 
3,36 
4,16 
1,95 
2,70 
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